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.DECl-ARATlQfel 

1. I, E)r. A. MarkuB Reuter, of Apartment 6, 284 Williams 'iftqad, Tooraki Victoria 3142. 
Australia^ am an InternatiQnaliy recognised e^cpert In metallurgy and resource engineering* I 
have extensive aoademip and industry metallurgical experlencGt gaineGl In severai countries 
IrK^lu^n? SiQuti Africa, Germany, The Netherlarfds and Au^tralla^ primarily In non-fennoue 
metallurgy=(tncludlng eopper FeGoyery)/but also Including ferrous metallurgy. I have a B.Eng, 
Qeigreie (Honours, Oum Laude) In Chemical/Material Process Engineering, an M.Eng. 
Degree In Material Process Engineering and Ph.D, In Extractive Metallurgy, aill from the 
University of Stellenbosdi, South Africa. I have a Dr. habllltation from Aachen Unlverelty of 
Techn(^09yi Germany and. a D.Eng. (Doctorate in Englriieisring)« also frcan the UnKretshy of 
Stell^hbosch. I v\^& a Prof@i5Sbr of Suetatnable Techholdgy, and now am a Professorial 
Feliov/ of Melbourne University, Australia, and I was Extraordine&ry Prdfedddr of University of 
Stellerfbosch. I am Professor Emeritus, Delft Unrversity of Technology, the Netherlands* 

2. 1 am a Registered Professional Engineer In South Africa, and a Fellow of the 
Australian Institute of Engineers, i have presented numerous keynote and Invited lectures 
and supeivised many Ph.D. and MjSc. Projects, while I have authored one technical book 
!j^d. contributed chapters to others, I have had over 350 papers published In refereed 
jQumals and conference proceedings and I have participated In many Industrial/consulting 
projects. 1 have extensive knowledge and experience In relation to the cornmercral 
processes for smelting Iron-containing source materials, including iron oxide materials. That 
includes knowledge and experience of top submerged lance smelting of Ircn-containing 
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source materials, for the recovery of Won by reduction smelting of Iron oxide materials such 
as disclosed In US patent 5498277 {the Floyd patent) and US patent application 10/642721 
(the present appllcatiOTi), A copy of my full CV is attached. 

3i i hava been requested to provide this declaration by an Australian Patent Attorney 
acting for Ausmelt Limited, the assignee for US application 10/542721. I hold the position of 
Chief Executive Technologist at that company. For that purpose, I have been provided with: 



a copy of US application 10/542721 (with the patent claims 1 to 21); 
a copy of a US patent E^mlner*s Office Action on application 10/542721, 
indicated as malted on February 02, 2009; and 
a copy of prior patents comprising: 

(t) USS498277 to Royd et al, (the Floyd patent) assigned to Ausmelt 
Limite<!i; etid; 

(fl) U.S496BS61 lo Teller et al, (the Teller palertt) fiiSi^ghW tt> The Standard 
©ii Company. 

4, In the following, my comments are diracted to th& two main paragraphs at page 3 of 
the OffJoge Action. 1% commanls fbUow tfios© paragraphs pptht by point or sehtenoe by 
semtencQ^, in order. 

The process of claim 1 of the present application can not work with excess oxvoen. 
Also, claim 1 <rf the present applteatlon In fact excludes excess oxygen, 1 understand that 
'teomprtsing" In claim 1 erf the preeent applloatlor^ Wlov* for the pofeelblllty of other steps. 
Hpweveir, claim 1 of the present appllcatibn specifies not ohiy stepe to ba performed, but 
conditions to be achieved by those etepe. it would be inconsistent with the express 
requirements of clfidm 1 of the present application to allow tor another step which negated 
one or more of these conditions- The top submerged Injection of oxygen and fuel/reductant 
rasults in m least one reducing region in the bath while, due to this and the additional 
reduGtant added by step (b) of olalm 1, the werall bath will be reducing, fetqess oxygen 
would negate this and render the process unworkable . Also, It Is to be noted that the 
prx^cess of claim 1 of the present appllcatibn is for smelting source material having its iron 
present as pxids and, as specified in step (b) of claim 1 of the present application, the source 
material Is to be subjected to smelting reduction . Excess oxygen also would prevent this. 
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6. It is correct that the degree of combustion will vary depending on the. amount of 
oxygen supplied. However, given the requirements for at least one reducing regton to result 
from step (a) of claim 1, the additional reductant of st^p (b) and resultant reduction smelting, 
the amount of oxygen supplied can not be allowed to provide excess oxygen if the process of 
cJaim 1 of the present application Is to be possible, ^cess oxygen will on^y produce iron 
oxticie and can not produce metainc iron. 

7. It is correct that the Floyd patent shows variation of the degree of combustion of from 
about 40% to 50%. However, it is not consistent with the Floyd patent to decide on a degree 
of combustion In that r^inge and then expeet to achieve that degree while providing excess 
oxygen. The clear requiremei?it of the Floyd patent Is that If, for example, the degree of 
oombuation Is to be 45%, tke remaining 65% of the fu^l/rec^uotant. in combination with the 
additional reductant of stej> (b), % reqpred to provide the etfertgth df' neducing: cbtiditiohs 
nec^saiy to adhilVi^ the smelting reduction of the Iron oxide source material. Giqrgen in 
excess of that requirefld for the 46% ^degrSe of isonlbtJStion will result In a higher degree of 
combustion of the fuel/reductant as fuel, araJ a reduced ievel of the fuei/reduotant available 
ad reductant for the .smelting reduction. Of course, at the higher degree ^of combustion, there 
^111 will not be^sxcKs cmvien, if there is to be viabte ^smelting reduction to produce inon. For 
the smelting reduction, the total amount of reductant in the ayetem (after allowance for 
reductant combusted as fuel) must be lar^e enough to ^uffioliantly remove ail oxygen from 
iron oxide of the iron-cdntalning source material. Excess oxy^n would be possible only If all 
of the fuel/rfductanti and additional reductant le combustecj, leaving no reductant to provide 
reducing conditiona nece^^ary for emelting redMCtfon of iron oxide. In specifying a degree of 
combustion of the fuel/r^ductant of fmrin 40% to 50%, the Floyd patent is specifying that fr6m 
50% to €0% df the fu&l/reduGtaht la to rertiaiti for IritfoFvetnent in the smelting reduction, a 
Gituation not poaeible with exc8S&:.30}^en. 

8. The Floyd patent specifies a degree of combustion. from about 40% to about 60%. 
There is a signKlcant gap between this upper level of about 50% and the lower limit of In 
excess of 60% In claim 1 oT the pnesent apf^llcatlon. Aiao^ there are very ^ood reasons why 
the express teaching of the Royd patent discloses an upper limit of 50% for the degree of 
combustion; and 1 will return to those reasons later herein. However, it Is worth noting at this 
stage that, rather than exdess oxygen, there must be excess reductant (relative to the 
quantity of injected oxygen) and the excess reductant will result in generation of combustion 
gases comprising CO and Hg, as specified In step (b). necessary to enable the post- 
combustion required by step (d) of claim 1 . That is, the degree of combustion required by 
the Floyd patent and the process of claim 1. results In less than conrrplete or substantially 
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complete oombusUon. as the CO and H2 are not combusted In the bath, and enable the post- 
combustion of step (d) above the batti. 

9, It l8 agreed that the Teller patent Indicates that complete or 8ub$tantiaily complete 
combustion of carbon cxinteLlnlng material oan^neoeasltate oxygen In excess of etoichlometriG 
requirements. The ©fftee Action states " Vtiusr be added In excess" (underlining added),: but 
this Is a departure irm the actual wording of the Teller patent in the passage from column 1, 
lihe 63 tO column 2, line 5. Indeed, the only use of "must" tn such a context In the Teller 
patent is «t column 10, lines 59 to column 1 1 , line 1 i3. In which the reference is to a mole 
ratio Ql oxygen to methane which Is isub-stoiehlometrlc (I.e. the opposite of excess oxygen). 

Id. The reterehbe in the Teller patent to complete or eubstantiany ppmpi^^ ^mbgetion 
stands Ift eitark dbrttrast to=the requirements of the process of claim 1 for condi^pn^^of t^*® 
productten of metallic iron. The reference provjdes no guidance In relation to a ekiifed persbh 
in the art of smelting reduction of oxldl<i iron soUr^ce material. In the passage \r\ xm Telf^Y 
,f|aj^nt referred to In the lOffice A^i\m, the Cjohcerfi is with full icombustion ot a catbona<»0us 
cnatarJal to carbon dmm and water, teavihg no eismbustibJe intermediate product. That ia, 
iht&hrheai^ F^tfudts StUdh a'd catison mono^de iaiso are to be combusted. This to not 
pdg^ible. In la emettlng op^ratlicm. j^aiticuiarly one .which, lU^ the process of claim 1, le 
conducted wMIe continuing to add source material and oxygen. As e^lalned later herein, 
tiiud GombuStfon lof the carbonaceous fuel of the fuel/reduetant and afso the actual smelting 
reductlDfa generate both eafbon monoxide and hydrogen as' intenmediate productSi and this 
enables the post-eombustlon step required by claim 1 of the present uppiloation. That \% 
carbon mohoxtde and hydrogen are produced, and they are not fully combusted to cairbon 
dioxteie and water tiy Injected oxygen, even though the required degree df cbrHbustlDn of 
carbonteipi&pus material has been fichieved. If in the pro&esd of the Royd patent a degree of 
cornbustlon of 45% Is requit'ed In step (a), then 45% of the fuei/reduCtant Is ielble to be 
cornbustpd, albeh wKh •Qeneratton of carbon mohOKide and hydrogen, leaving 55% of the 
fueVreductaht available to provide, in combination with the additional reductant of step (b), 
the required smelting reduction. The same applies with the prociess of claim 1 of the preaent 
appJicatlon if, for ^mple, 1^% of the fiiei/reductant Is combusted In step .<a), leaving ^% of 
the fuei/reduciant ae reductant, ibearlng In mind that eome fuel/reductant is necessary, and 
musl remate, to provide. \n combination wlttt the additional reductant of step (b), the 
reduction smelting. As iunderstpod by persons skilled in the art, the term "degreia of 
combustion" of fuet/reductant In a slag phase of a bath in which the fuel/reductant also Is to 
:give rise to smelting reduction Is Incompatible with a concept of complete or substantially 
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complete cwmbusBon as discuseed In the Teller patent. Tills Is because, In that coniexX of 
the smelting reduction: 

(a) there can not be excess oxygen In the slag as It would preclude reduction of 
Iron oxide of the source mateFial to metallic Iron, and 

(b) the combustion wlH result in evolution of the combustible intermediate 
products of carbon monoxide and hydrogen. 

That Is, the context in whiqh the Teller patent refers to complete or substantially complete 
corr^ustlon can not be related to the context of claim 1 of the present application In which a 
degree of combustion of 100% is precluded land Is completely untenablia. 

t1,. There are numerous factors bearing on the reduction smelting proofessee of1h.e Rqyd 
patent.and claim 1 & the present aj)pliCBtlon to which the ^ilisGlpsure on combustion in the 
Teller ^ai^n% has OP bearing. These include: 

(4) eombustioh In the fetHuCtioTi smelting processes, which occurs- at the tip £>f the 

lahoei is cdnmjbled within a molten slag pha^e in vvhteh Ir^n oaOde Is jdispeieed to: 

be metted mrsi latcen Into sDlutK^i; 
(b) despite IHb combustion at the lanoe tip» r^t reductog condttlonB have to prevail in 

tlie molten slag phase in order .to achie^ reduclbn by which Iron oxide h 

reduced to molten iron metal; 

the r^uctlon smeiling to produce a molten iron metat phase necessitates a high 
temperature - Indicated In the present appltcatlon as beihg from f 35t)^'C to 
IBCMTC - but, with increasing, temperature above '^about 80D''C, combustion of 
canbon Increasingiy favDurs tile production ot carbon monocide rather than carbon 
dioxide, eeS^nUally precluding complete or substantially complete combustion as 
In the Teller patent, even H thia was not already precluded by the need for Iror) 
Qxlde reduction. 

These factors are parts of the basic Knowledge of persons skilled in the art of those reduction 
smelting processes. That baste knowledge leads to a necessary recognition that complete or 
substahtiaiiy complete combustion «s diSQiosed In the Teller patent is not remotely possible 
In. those processes. 
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12. I have mentioned In paragraph 8 that I would return to the good reasons why the 
Floyd patent expressly sets an upper limit of a degree of combustion of 50%. The Implication 
of the relevance of the Teller patent to the present Invention, as asserted In the Office Action, 
l8 that fuel/reductant can be fully combusted. Thus, If the fuel/reductant In claim 1 of the 
present application is carbon, the assertion Js that It will be combusted by the reaction: 

C + 02->c62 (1) 

Even If this was the oase, the wording of dalm 1 would preclude excess oxygen due to the 
requirement that sufficient un-combusted catbon Is to remain available to act as a reductant 
producing metallic Iron. However, as Intimated In the last paragraph, reaction (1) is not 
favoured iab:oye BO0°Cy and certainly not at terriperatures from 1350°C to 15QD*'G able to be 
used In the proceyas of olaim 1 the present appR^atlon. Rather, tha reaction: 

Is favoured, while Gbg prodtzced can u^ergo the reaction: 

C02 + C-^2GO (3) 
Also, .the r^ducUon reactione involving In^n oxide lo be smelted are complex, as follows: 

From about 455°C, 3Fa20B + CX); GO2 + 2Fe304 (4) 

From about 60b*^G, Fe304 + CO COg + 3FeO (5) 

From about 700**C, FeO + CO -> GO^ + (6) 
or 

Fe& + G->Cp + Fe (7) 

Reactions (1) to (3) occur almultaneously with reactions (4) to (7). In addition, water vapour 
usually is present from the carbon (coal) and combustion of hydrogen. Carbon dioxide 
(contrary to any suggestion based on the Teller paterit) and also water vapour are 
undesirable as they can flive rise to reversal of reactlof) (6), producing a lower recovery of 
metallic Iroii due to Iron oxide (FeO) being lost In Ihe slag, l.e.: 
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Fe + COa FeO + GO (8) 

ad well as 

Fe + HzO-^FeO + Ha (9). 
That iat, each of reactQns (8) and (9) reverses productbn of metallic iron. 

13. At typical temperatui^s l&t the process of the Floyd patent, thermodynamic data 
Indicate a need for a very low oxygen potentlaL The attached Ellingham Diagram te a plot of 
GIbbs ff^fe energy against temperature for metals reacting to form oxides at an o>^gen partial 
pressure of one atma&^hererand ©rabtes a determination of the oxygen potential or partial 
procure in equilibriMm with the '^Qtal and PXtde at a givert temperature. At a selooted 
temperafcjre. say 140©*?©, a line from zero m the Qlbba free energy scale at tbe left side ol 
the^ diagram, Is drawn through the ItfterSectteh of the vertical line for UOO^ with the line for, 
fiiajf, tfte jreajstlon: 

2Fe + C&->!2Fe© (10). 

That line, when conUnued to intersetit the dxygen partial pl-essure scale on the right hand 
side of the diagram, gives the 6)^gen panlai preeisupd for reactions (6) and (7), as Well &s the 
OO/COa mtio of arotjhd 5/1- Thait \m Indicates ah ojsyigeri poteritlal ol about 10^^*^ 
atmospheres Is required to suffldently reduce Iron oxide to metallic Iron. That is, 
themtcadynamic data for ftie prc«Jucrtlon of iron by smelting reduction processes for oxidic iron 
materials; including that of the Flc^ patent, Indloates ttiat such low levels of oxygen potential 
ne€«l to prevail: in practice, the oxygen potential is lower than 10^^^, since the Iron oxide Is to 
be reduced (n the slag phase In m\eh the actlvtty of FeO Is lower than 1, and an oxygen 
potenOkl df tower ihan 10"^^ atrrHDspheres Is required. Moreover, Industrial practice with 
these processes ts consfstenf with thiis thermodynamic data* no doubt because those 
persons skilled In the art are familiar with and rely on such data. It is on such tliermodynamlc 
data and practical experience that the upper limit of 50% degree of combustion In the Floyd 
patent Is based. The thermodynamic data and Industial practice were thought to fit well with 
other factors. The degree of corribustlbn of 40% to 60% was considered to achieve whit 
was perceived as necessarily strong reducing conditione for optimum metallic iron recovery, 
wNlie limiting the combustion of fuel/reduotion to a level sufficient to provide adequate 
' temperatures of 1350^0 tp 1 SOO^C. At such operating temperatures the molten Iron was to 
be sufficiently molten to have a conterit of about 3% to 4% of carbon in solution, and the 
upper limit for the degree of cornbustion of 50% was believed appropriate for si^^pressing 
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reactions (8) and (8). Thus, there were compelling reasons why the Floyd patent specifies a 
degree of combustion cf» in effect: 

(i) not less than 40%, and 

(ii) not more than 50%. 

That is, operating In the range of 40% to 50% Is an express requirement of the Floyd patent. 

t4. rn this paragraph there is shown a plot for the Fe-C-O system of the log of the partial 
pressure of carbon monoxide against the log of the partial pressure of oxygen, at a 
temperature of i40Q?'C. In this, polnte shown by the symbol are on= the 1.© atmosphere 
Isobar tor tc^l pnessure. A peraon sidlled In the art applicable to the process of the Fleyd 
patent would appreciate from tMIs plot, as well as basic requirements fbr reducUbn smeWng, 
ithal' the icembuetion df tuel/reduclant and additional reductant mi^ never be complete In 
order to, eriisure jthat melalllc Iron la prcKiuced. 



Fe-C-O, 1400 G 

V - 1 ,0 atm NtoiaCTteoJjw 
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15. Based on my comments In paragraphs 5 to 14, 1 considBr thai It clearly Is Incorrect to 
suggest that "to obtain a degree of combustion between 50%, as taught in Floyd and 100% 
(completeness), as taught by Teller, it would have been obvious to one of ordinary skill In the 
art to optimfee the amount of oxygen tn the system", as aisserted In the flret paragraph, page 
3 of the Offftee Action, That assertion is technloaliy unsound It is contrary to what the Floyd 
patent makes dear Is an upper limit for oxygen) I.e. an amount of oxygen providing .a degree 
of combustion of ©niy from 40% to 50%. A person skilled In the art would not be aware of 
any motivation to depart from the Floyd patent. Such a person would recognise that to 
depart from the Floyd patent was contrary to available data and practice, and that compiete 
or substantial^ complete combustion of the fuel/reductant would result in little If any recovery 
of metallic Iron. The skilled person al^o would appreciate that there Is no issue of iqptimislng 
l}i(5|>amount of c^gen in the systern. To eIal;>omteion thesei'Iseues^, It should be noted that ait 
Qplumn 2. lines I t t©'^ po Teller p^itenft points out tt?e eij^errt of aa^ees oxygen reguifed for 
various fuel ty?»s» raniiiiig from ueage 6f aiy (arid hence ojgrgen) 10 to 50%i and mote, In 
exceed of stoicfliiSltiiertrlfe fitjolrehrtehts, in ordisr tb achieve complete or substaniiially complete 
combustion. Thsase excesses are ©aid h^e disadvantages. To sugge^ thet ix mum have 
been obvious "to obtain a degree of combustion between.60%^ m taiiight in Floyd, ifitfci 100% 
'(^mpietenese), as taught by Teller'' thus Ignores the fact that the FJoyd patent in effeiia, 
etates n0t mpret tl:»in and that the Teller patentp in effecl, achieves corripteiten^ (if this 
means a dsigree of oombustlon of 100%) by having a 10% toSO% excess of o}^gen beyond 
etolohtdmetrie requiremenls. 

10. In the eecqnd paragraph of page 3, the Office Action pDmrnehts, that *^he portion 
relied on In Teller would be common general knowledge to one of qrdinery ekill who works In 
a field reqitfrfng an understandihg of combustlofi <e,g. smelting)", ^cept for the reference to 
ernetttng, this ho doubt is cotrect. However, that portion of the Teller patent has no relevanoe 
tb a context in which a region of combustion is required within an eti vlf^ment in whifeh 
fBdudna eondittona are to prevail . The combustion required In the procese of claim 1 of tiie 
present application, which Is limited to a region at the lance tip, Is to provide heat to attain a 
temperatute. such ae laso^'C to 1500''C, at whioh the slag Is molten, the Iron oxide source 
material can be melted by the slag and taken Into sotutlon, moltSTi metalllo Iron product le at 
a euftable temperature, and the required smelting reduiotioh reaotlons are able to proceed to 
produce the Iron product, wl^ ail of this being achieved within a eiag phase. The wording 
"understanding of combustion (e.g. smelting)" used In that second paragraph, page 3 of the 
Office Action, Is completeiy inapt Combustion involves oxidation. However, while there are 
oxidative smelting processes such as for roasting sulphides, the Invention of claim 1 of the 
present application requires smelting under redcicino conditions . The issue clearly is not one 
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of Interpreting the basic principles of combustion narrowly. Rather, the issue Is one of 
recognising that a highly specialised mode of combustion Is used In the process of claim 1 of 
the present application. That specialised mode should not Jbe confused with the general, 
passing observation in the .porflbn of the Teller patent to which the Office Action refers, while 
falling to take Into account other factdfs detailed herein which pcit the process of claim 1 of 
the present invention well outside any general issue taken out of context from the Teller 
patent. 

1 further detciare that all statements nrnde iMreIn of my own laiowle(^ge are true and that all 
statements made on inforjriiation and l;;f^llef em iTelleved to be true* and further that these 
statements are made with the knowledge and that wilHii 1a\ae statements and the like are 
punishable by fine or imprisonment, or both, under Section IQOI ol Title tB of the United 
iStates Code, and that such wilful false statements may jec^ardise the vaUdlty of this 
application or any paterif issuing thereof; 




(Markus A Reuter) 




Qated 
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